Background
==========

Several different models and theories have been used in studies trying to predict intake of fruit and vegetables in children and adolescents. Social Cognitive Theory, Theory of Planned Behaviour, Social Learning Theory, Problem Behaviour Theory and the Stages of Change Model have all been applied (see \[[@B1]\] for an overview and systematic review of studies). Some of these studies included direct tests of specific theoretical models while others only used theory to guide the analytical approach. However, Rasmussen and colleagues \[[@B1]\] concluded that a large majority of studies carried out on potential determinants of fruit and vegetable intake lacked a clear theoretical basis.

The Pro Children study is a school-based study designed to understand and promote consumption of fruit and vegetables among schoolchildren across nine European countries. In line with state-of-the-art health promotion, the study chose a problem-driven approach. It included constructs from different behavioural theories when developing its framework and choosing which personal and environmental determinants of fruit and vegetable intake to include \[[@B2]\]. However, the Attitude -- Social influence -- self-Efficacy (ASE) model \[[@B3],[@B4]\] was the main model used to inform personal and environmental determinants of fruit and vegetable intake.

The ASE-model is one of the social cognition models commonly used in predicting and explaining health behaviour. According to de Vries and colleagues \[[@B4],[@B5]\], it may be considered as an extension of the Theory of Reasoned Action (TRA) \[[@B6]\]. It integrates the two factors of the TRA (attitudes and subjective norms) with the self-efficacy concept from Bandura\'s Social Learning Theory \[[@B7]\]. Although the model resembles the Theory of Planned Behaviour (TPB) \[[@B8]\], it has evolved as a separate model, with a different methodological nature \[[@B9]\].

Only a few studies have tested the ability of social cognition models to explain children\'s fruit and vegetable intake. As far as we know, no studies have yet applied the ASE-model to this issue. The ASE-model may be well suited for this purpose as it applies direct measurement of attitudes, social influence and self-efficacy \[[@B9],[@B10]\]. A recent review suggests that this can result in similar or even better predictions than using belief-valuation-combinations \[[@B11]\]. Also, the concept of subjective norms in TPB has been replaced with a broader definition of social influences in the ASE-model \[[@B5]\]. This may be particularly appropriate to explain children\'s behaviour since a recent review suggests that children\'s eating behaviours are strongly influenced by their social environments \[[@B12]\].

The ASE-model (see Figure [1](#F1){ref-type="fig"}) proposes that fruit and vegetable consumption is primarily a function of motivation or intentions, as do TRA and TPB. Three main psychosocial factors have been identified which predict intentions: attitudes, social influence and self-efficacy. A person\'s attitude towards fruit and vegetable consumption is a result of the expected consequences from this behaviour. Social influence is a result of subjective norms, examples from important others (modelling) and direct social support and pressure related to fruit and vegetable intake. Self-efficacy is the result of a person\'s subjective assessment of his or her abilities and possibilities related to fruit and vegetable intake. It is assumed that there is a direct influence from self-efficacy to behaviour \[[@B9],[@B13]\]. This has been confirmed in studies on smoking in adolescents \[[@B4],[@B5],[@B8]\] and on fruit and vegetable intake in adults \[[@B13]\].

![The ASE-model. A model for determining factors predictive of fruit and vegetable consumption (adapted from Lechner, 1998).](1479-5868-4-57-1){#F1}

The relationships between attitudes, social influence and self-efficacy have not been specified in the paper which presents the ASE-model \[[@B3]\], but de Vries and colleagues \[[@B4],[@B5]\] allowed attitude, subjective norm and self-efficacy to correlate freely when applying the model to smoking data. Kok and colleagues stated that the three constructs are not completely independent of each other \[[@B14]\], and the components are typically positively correlated. The relation between the three factors and intention is assumed to be linear. At least two studies \[[@B4],[@B8]\] have tested for interaction effects between attitudes, social influence and self-efficacy, but did not find a significant effect, either on intention or on behaviour. External variables, such as socio-demographic factors, are expected to influence behaviour through behavioural determinants and intention \[[@B13]\].

The studies that have tested the predictive value of social cognition models in explaining children\'s fruit and/or vegetable intake, have often used varying multiple regression techniques \[[@B1]\]. Some researchers have also applied structural equation modelling techniques (SEM) \[[@B15]-[@B19]\]. However, only one of these studies explicitly tests one of the social cognition models, namely TPB \[[@B17]\].

In this paper, we want to explore the fit and the strength of the ASE-model in explaining fruit intake in schoolchildren in three European countries. In particular, we want to test the goodness of fit of the ASE-model in explaining schoolchildren\'s intentions to eat fruit and their actual fruit intake in Austria, Norway and Spain. We want to assess the unique contribution each variable makes to intention to eat fruit and to subsequent fruit intake. We also want to assess how well the predictors in the model can explain the observed variance in intention to eat fruit and in reported fruit intake. In addition, we want to see whether the same model fit data from all three countries. We use structural equation modelling as this is considered to be the best methodological and theoretical approach for this type of study \[[@B20]\].

As previously reported \[[@B21]\], fruit intake differed substantially between schoolchildren in the nine European countries participating in the Pro Children study. The number of children responding positively to various explanatory factors regarding fruit and vegetable intake also differed markedly between countries \[[@B22]\]. We therefore decided to test the model on samples from three of the countries in the Pro Children study, a northern country (Norway), a central-European country (Austria), and a Mediterranean country (Spain), to see whether the same model would fit data from all three countries.

Methods
=======

Design
------

Samples of schoolchildren from three countries (Austria, Norway, and Spain) participating in the cross-sectional part of the Pro Children project were used in this study. The target group was 11-year-old schoolchildren, and school classes formed the sampling unit (fifth or sixth grade). Only children born in 1991 and 1992 were included in this study. The Norwegian (N= 1142; response rate 89.5%) and the Spanish samples (N = 1297; response rate 94.7%) were nationally representative while the Austrian sample (N = 991; response rate 95.3%) was representative for the Eastern region of the country, which covers 42% of the full population. Mean age was 11.3 to 11.4 years. Table [1](#T1){ref-type="table"} provides further information on the samples. Self-administered questionnaires were completed during one school lesson. Data were collected during October-December 2003. Ethical approval for the Pro Children study was obtained from the relevant ethics committees in the three countries. Responses were treated anonymously and respondents were told that their responses were confidential. Written informed consent was obtained from parents of the children in Austria, whereas the Norwegian and Spanish study used passive, informed parental consent. Further details on the data collection procedure as well as on the subjects participating in the cross-sectional study have been published elsewhere \[[@B21]\].

###### 

Characteristics of the samples

                                                            **Country**             
  --------------------------------- ----------------------- ----------------------- -----------------------
  **Sample size**                   991                     1142                    1297
  **No (%) of boys**                500 (50.5)              568 (49.7)              694 (53.5)
  **Mean age (SD)**                 11.4 (.41)              11.3 (.29)              11.4 (.42)
  **Age range**                     10.8--12.8              10.8--12.3              10.8--12.8
  **Number of classes/schools\***   73 classes/23 schools   73 classes/52 schools   64 classes/37 schools
  **Response rate\***               95.3%                   89.5%                   94.7%

\*Note: Number of classes/schools, and response rate is based on the original Pro Children samples. For this study, children born in 1990, 1993 and 1994 were excluded from the samples.

Measures and constructs
-----------------------

The questionnaire included the following items assessing key ASE-constructs of Attitudes, Social influence, Self-efficacy, Intention and Behaviour (fruit intake). Attitudes were measured with two items: *To eat fruit every day gives me more energy*, and *to eat fruit every day makes me feel good*. A five-point Likert scale was applied, going from \'I fully agree\' to \'I fully disagree\' for both items. As Liking and Preferences can be considered to be dimensions of a more inclusive attitude construct, sub-constructs measuring these concepts were included in the initial factor analysis to see if they contributed to a meaningful attitude construct together with the original attitude items. Liking was assessed by the items *I like to eat fruit every day*, and *fruit tastes good*, and Preferences were measured by the question: *Which of the following fruits do you like or dislike*, followed by a list of 12 fruits and using response categories from \'I like very much\' to \'I dislike very much\'.

Social influence was assessed by three items measuring \'Descriptive norms\' or \'Modelling\': *My mother/father/best friends eat fruit every day*(same Likert scale as for the attitudinal items); two items that measured \'Active parental encouragement\': *My mother/father encourages me to eat fruit every day*, with response categories as before. In addition, the \'Demand family rule\' was measured by a single item: *Do your parents demand that you eat fruit every day*, whereas the \'Allow family rule\' was assessed by: *Are you allowed to eat as much fruit as you like at home?*\'Parental facilitation\' was measured by the item: *Does your mother or father usually cut up fruit for you in between meals?*The last three items all had five response categories from \'yes, always\' to \'never\'.

Two items were designed to measure Self-efficacy: *It is difficult for me to eat fruit every day*, and *if I decide to eat fruit every day, I can do it*. Intention was measured by one item: *I want to eat fruit every day*. Again, response categories ranged from \'I fully agree\' to \'I fully disagree\'.

Fruit intake was measured with the fruit item from a validated fruit and vegetable food frequency questionnaire: *How often do you usually eat fresh fruit?*Eight response categories ranged from \'never\' to \'every day more than twice a day\'. The development and pilot-testing of the determinant part as well as the fruit intake part of the questionnaire used in the cross-sectional study of the Pro Children project have been described in detail elsewhere \[[@B23],[@B24]\].

Analyses
--------

The constructs and variables included in the cross-sectional study were scrutinised to re-assess which items belonged where in the ASE-model, and to specify the initial model (see Figure [2](#F2){ref-type="fig"}). Descriptive analyses were carried out to test for non-normality in data. As suggested by Kline \[[@B25]\], we chose to apply cut-off values of 3.0 for skewness and 8.0 for kurtosis. We also ran bivariate correlation analyses between the independent variables to test for multicollinearity. The structure of the latent variables included in the model was then tested by exploratory factor analysis. This was carried out in SPSS, using principal axis factoring as the extraction method and varimax rotation. For self-efficacy, we ran inter-item correlations, since the construct consisted of two items only.

![Structure of the initial model.](1479-5868-4-57-2){#F2}

PRELIS was used to prepare data for the structural equation models. First, missing values were imputed using Imputation by Matching (IM). This method is suitable when imputing ordinal variables such as Likert scale data. Cases with complete data that match or which have similar patterns of scores on intact variables to cases with missing values, are used to impute values on variables with missing data. In contrast to the Expectation Maximization (EM) method of imputation, which does not keep variables as ordinals, this method gives equal values as already specified for the categories. Cases with missing data after IM were deleted listwise. Polychoric correlations and asymptotic covariance matrices were then estimated for all samples with Robust Maximum Likelihood estimation. This procedure transforms the observed ordinal variables into latent underlying continuous variables that are normally distributed, with metric and variance. The thresholds were set equally by computing for the total sample. For single item measures, pre-specified residual variances were added, to take measurement error in these variables into account. For this procedure, an alpha-level of .80 was chosen, as this would represent a satisfactory level for a scale with sufficient number of variables and magnitude of covariances. Structural equation modelling techniques were used with LISREL software, version 8.8 \[[@B26]\].

The Norwegian sample was used to test the structure of the observed and latent variables in the model, to make a preliminary assessment of the model fit, and to modify the model to increase goodness of fit with the data. Both the initial and modified models were then applied to the Austrian and Spanish samples to assess model fit. Non-significant relations were removed and the model was re-estimated for each country until the models achieved close fit and all relations were statistically significant. After the final model was fitted to data, gender- and age specific analyses were carried out to see whether the structure model(s) was confirmed for boys and girls, and for children born in 1991 and 1992.

*Measures of model fit:*Since indexes addressing goodness of fit reflect different aspects of model fit, Kline recommends reporting several fit indicators \[[@B25]\]. The χ^2^has traditionally been used to test the hypothesis that the relationships suggested in the model provide a plausible explanation of the data, i.e. how well the proposed model structure fits the structure in the observed data set(s). Ideally, it should be non-significant. However, most models are slightly mis-specified, i.e. they only fit the data approximately \[[@B27]\]. So, when sample sizes are large, measurement errors tend to result in significant chi-squares \[[@B18],[@B27]\]. However, differences in chi-square are used to evaluate differences between nested models in this study, as in the case of deleting or adding a parameter. Satorra-Bentler scaled χ^2^was used to adjust for ordinal data. This measure is also robust in relation to non-normality in data. RMSEA, with 90% confidence intervals, and the probability of achieving close fit (RMSEA \< .05) is also reported. This is the likelihood of getting an RMSEA below .05 when repeating the model fit procedure on an indefinite number of samples. Other fit measures presented are GFI, AGFI, NNFI, and Standardized Root Mean Square Residual (RMR). Both AGFI and RMSEA are parsimonious fit measures.

The RMSEA is relatively insensitive to sample size, since it is a population-based index. It has an explicit parsimony adjustment \[[@B28]\], as it simulates the error per degree of freedom in the model. There have been discussions of how low RMSEA should be to define a good fit. Browne and Cudeck \[[@B29]\] suggest RMSEA \<.05 as close fit and values beyond .10 as poor.

Results
=======

Descriptive statistics and inter-correlations
---------------------------------------------

Table [2](#T2){ref-type="table"} gives an overview of the distribution of fruit intake in the total sample and in the different countries. An overview of the mean scores, standard deviations, number of items and range for the constructs in the ASE-model is presented in Table [3](#T3){ref-type="table"}. Screening for skewness and kurtosis showed that one of the self-efficacy items and the item measuring the \'Allow family rule\' had values above the chosen cut-offs for the Austrian sample. Further, the self-efficacy item was moderately skewed for the Norwegian and Spanish sample. The estimation method chosen and the use of Satorra-Bentler scaled χ^2^takes non-normality in data into account. Table [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"} provide bivariate correlations between all constructs for Norway, Austria and Spain respectively, and show that none of the inter-correlations between the independent variables were above .60. Most variables were positively and significantly correlated to fruit intake, except three of the social influence sub-constructs for the Austrian sample.

###### 

Fruit intake distribution for the total sample and for the separate countries (based on valid percent)

                                   **Total sample**   **Austria**   **Norway**   **Spain**
  -------------------------------- ------------------ ------------- ------------ -----------
  **Never**                        2.0                1.2           1.1          3.3
  **Less than one day/week**       4.9                3.9           7.3          3.7
  **One day/week**                 8.2                5.0           11.3         7.8
  **2--4 days/week**               28.8               25.0          32.6         28.3
  **5--6 days/week**               15.0               15.5          17.4         12.4
  **Every day, once**              19.2               20.9          14.8         21.7
  **Every day, twice**             11.5               14.1          7.9          12.8
  **Every day, more than twice**   10.5               14.5          7.6          9.9

###### 

Number of items, range, N, means (SD) for the constructs in the ASE-model

                                                               **Austrian sample**   **Norwegian sample**   **Spanish sample**                                      
  ------------------------------------------------- --- ------ --------------------- ---------------------- -------------------- ------ ------ ------ ------ ------ ------
  **Attitudes**                                                                                                                                                     
  Attitudes                                         2   -2/2   990                   1.40                   .81                  1128   1.25   .80    1281   1.48   .73
  **Social influence**                                                                                                                                              
  Modelling                                         3   -2/2   981                   1.00                   .75                  1130   .56    .82    1278   .98    .77
  Active parental encouragement                     2   -2/2   977                   .55                    1.29                 1134   .20    1.28   1269   1.05   1.12
  Demand family rule                                1   -2/2   956                   -.15                   1.28                 1120   -.65   1.13   1241   .72    1.23
  Allow family rule                                 1   -2/2   959                   1.82                   .56                  1126   1.44   .83    1234   1.36   1.09
  Parental facilitation                             1   -2/2   974                   .24                    1.24                 1106   -.59   1.03   1261   -.19   1.33
  **Self-efficacy**                                                                                                                                                 
  If I decide to eat fruit every day, I can do it   1   -2/2   972                   1.73                   .75                  1127   1.63   .84    1273   1.51   .89
  **Intention**                                                                                                                                                     
  I want to eat fruit every day                     1   -2/2   974                   1.18                   1.05                 1128   1.31   .99    1272   1.07   1.10
  **Fruit intake**                                                                                                                                                  
  Fruit intake                                      1   0/7    987                   4.41                   1.70                 1129   3.72   1.64   1288   4.08   1.76

Note: All differences in means are statistically significant at a .01 level, except for Attitudes between Austria and Spain; Modelling between Austria and Spain; Allow family rule between Norway and Spain; Self-efficacy between Austria and Norway, and Intention between Austria and Norway and between Austria and Spain.

###### 

Pearson\'s correlation between all scales for the Norwegian sample

                                  Attitudes   Model     Encourage   Demand    Allow     Facilitate   Self-efficacy   Intention   Intake
  ------------------------------- ----------- --------- ----------- --------- --------- ------------ --------------- ----------- --------
  Attitudes                       1                                                                                              
  Modelling                       .24\*\*     1                                                                                  
  Active parental encouragement   .27\*\*     .45\*\*   1                                                                        
  Demand family rule              .18\*\*     .31\*\*   .48\*\*     1                                                            
  Allow family rule               .10\*\*     .18\*\*   .18\*\*     .12\*\*   1                                                  
  Parental facilitation           .19\*\*     .28\*\*   .34\*\*     .35\*\*   .13\*\*   1                                        
  Self-efficacy+                  .15\*\*     .13\*\*   .13\*\*     .07\*     .14\*\*   .02          1                           
  Intention                       .44\*\*     .29\*\*   .30\*\*     .19\*\*   .13\*\*   .19\*\*      .22\*\*         1           
  Fruit intake                    .27\*\*     .36\*\*   .26\*\*     .26\*\*   .12\*\*   .18\*\*      .12\*\*         .40\*\*     1

\* Correlation significant at the 0.05 level

\*\* Correlation significant at the 0.01 level.

\+ It is the correlation for the single-item measure of self-efficacy that is reported here.

###### 

Pearson\'s correlation between all scales for the Austrian and Spanish samples (Austrian data below the diagonal line, Spanish above)

                                  Attitudes   Model     Encourage   Demand    Allow     Facilitate   Self-efficacy   Intention   Intake
  ------------------------------- ----------- --------- ----------- --------- --------- ------------ --------------- ----------- ---------
  Attitudes                                   .28\*\*   .23\*\*     .15\*\*   .14\*\*   .15\*\*      .36\*\*         .49\*\*     .24\*\*
  Modelling                       .28\*\*               .32\*\*     .23\*\*   .05       .13\*\*      .22\*\*         .33\*\*     .23\*\*
  Active parental encouragement   .08\*\*     .25\*\*               .49\*\*   .17\*\*   .24\*\*      .14\*\*         .25\*\*     .10\*\*
  Demand family rule              .01         .13\*\*   .46\*\*               .14\*\*   .25\*\*      .06\*           .12\*\*     .11\*\*
  Allow family rule               .09\*\*     .04       .08\*       -.02                .11\*\*      .12\*\*         .15\*\*     .06\*
  Parental facilitation           .14\*\*     .28\*\*   .23\*\*     .21\*\*   .05                    .09\*\*         .19\*\*     .20\*\*
  Self-efficacy+                  .27\*\*     .16\*\*   .06         .01       .16\*\*   .12\*\*                      .47\*\*     .25\*\*
  Intention                       .48\*\*     .30\*\*   .05         -.01      .09\*\*   .15\*\*      .32\*\*                     .42\*\*
  Fruit intake                    .29\*\*     .24\*\*   -.03        -.00      .04       .22\*\*      .19\*\*         .48\*\*     

\* Correlation significant at the 0.05 level

\*\* Correlation significant at the 0.01 level.

\+ It is the correlation for the single-item measure of self-efficacy that is reported here.

Exploratory factor analyses of latent constructs
------------------------------------------------

Exploratory factor analysis for the attitude concept including the two original attitude items, the two \'liking\' items and the \'preferences\' items did not result in a meaningful factor structure as more than 25 iterations were required. Therefore extraction was terminated. In the subsequent SEM analyses, we only included the two original attitude items as a measure of the attitude construct. Inter-item correlation for these was .57 for the Norwegian sample.

Exploratory factor analysis for \'social influence\' for the Norwegian sample resulted in one factor with an eigenvalue above 1, explaining 44% of the total variance. All sub-constructs had factor loadings above .50, except for the \'allow family rule\'. In the subsequent SEM analyses, social influence was therefore included as a latent variable, defined by modelling, active parental encouragement, demand family rule, allow family rule, and parental facilitation.

For self-efficacy the inter-item correlation was low (.17). We chose therefore not to use the item *It is difficult for me to eat fruit every day*in further analyses. This item was reverse-coded, and we suspect this caused the low correlation \[[@B30]\]. Hence, self-efficacy was measured with one item only.

Structural equation modelling
-----------------------------

Applying the original ASE-model to the **Norwegian data**resulted in a very good model fit for the full model. However, the relation from self-efficacy to intake was not empirically supported in the Norwegian sample (-.04 p \> .05), so we deleted it from the model. The goodness of fit statistics for the re-estimated model was: χ^2^= 69.82, (df = 31, p \< .001), GFI = .97, AGFI = .95, NNFI = .99, standardized RMR = .04, RMSEA = .03. 90% CI for RMSEA was .02--.04, p-value for close fit (RMSEA~\<.05~) was 1.00. The final model is presented in Figure [3](#F3){ref-type="fig"}. This model gave an explained variance of 51% for intention to eat fruit every day, and 34% for reported fruit intake. Gender specific analyses without constrained parameters for factor loadings and parameter estimates between the predictors showed one difference in structure models for boys and girls in Norway: For boys, the relation between self-efficacy and intention was non-significant (.08). There were also minor differences in the magnitude of the parameters. Neither model gave empirical support for a direct relation between self-efficacy and fruit intake. Age specific analyses could not be carried out for the Norwegian sample as the 1991 group consisted of 12 children only.

![The final model fitted to the Norwegian sample. To simplify the presentation, the factor loadings and residual values are omitted.](1479-5868-4-57-3){#F3}

When we applied the original ASE-model to the **Austrian**data, model fit was poor. The coefficient for the relation between self-efficacy and fruit intake was -.10 (non-significant) and the relation between social influence and intention was .02 (non-significant). The modification index (MI) indicated that several residual covariances between the social influence indicators had to be freed for estimation (frmodel -- frdemand, frdemand -- frallow, frallow -- fruitfac, and frmodel -- frallow; cf. Figure [2](#F2){ref-type="fig"}). We applied a revised model with these relations and without the two structure relations. MI suggested cross-factors between the exogenous latent variables, but these were not freed since this was contrary to the theoretical specification. The re-estimated model achieved a better fit: χ^2^= 99.13, (df = 28, p \< .001), GFI = .94, AGFI = .89, NNFI = .96, standardized RMR = .08, RMSEA = .05, 90% CI for RMSEA = .04--.06, p-value for close fit (RMSEA~\<.05~) = 0.33. So, the model that fitted the Austrian data best did not have a significant relation between social influence and intention. Further, there was no empirical support for a direct relation between self-efficacy and intake in the Austrian sample. Figure [4](#F4){ref-type="fig"} shows the relation from each of the exogenous variables to intention, the relation between intention and intake, and gives an overall graphic presentation of the final model for the Austrian data. This model could explain 59% of the variance in intention to eat fruit, and 38% of the variation in fruit intake. For Austria, we also ran gender specific analyses comparing a constrained multi-sample model with a model where the parameters were allowed to vary freely. The constrained model fared no worse than the other, so there is no empirical support for differences in model structure between the genders in the Austrian sample. The age specific analyses showed that adapting a similar model did not fare significantly worse than adapting separate models for children born in 1991 and 1992 for the Austrian sample.

![The final model fitted to the Austrian sample. To simplify the presentation, the factor loadings and residual values are omitted.](1479-5868-4-57-4){#F4}

When the original ASE-model was applied to the **Spanish data**, model fit was good. However, as for the Norwegian data, the relation from self-efficacy to intake was not statistically significant (-.05, p \>.05). The goodness of fit statistics for the re-estimated model was: χ^2^= 118.04 (df = 31, p \< .001), GFI = .96, AGFI = .94, NNFI = .97, standardized RMR = .06, RMSEA = .05, 90% CI for RMSEA = .04--.06, p-value for close fit (RMSEA~\<.05~) = 0.57. The model that fitted the Spanish data best is presented in Figure [5](#F5){ref-type="fig"}. The final model could explain 69% of the variance in intention to eat fruit for the Spanish children, and 27% of the variation in fruit intake. Gender specific analyses did not reveal any significant difference in model structure for boys and girls in Spain. A multi-sample analysis where the paths were constrained did not fare significantly worse than when the paths were allowed to vary freely. So, there was support for equal paths and equal relations between genders for the Spanish sample. Further, age specific analyses for Spain showed that adapting a similar model for children born in 1991 and 1992 did not fare significantly worse than adapting separate models.

![The final model fitted to the Spanish sample. To simplify the presentation, the factor loadings and residual values are omitted.](1479-5868-4-57-5){#F5}

We did not find support for applying an identical model on data for all samples and could not carry out multi-sample SEM analyses to investigate whether the relations between the different constructs were identical or not between countries. Also, the pattern of which construct was the strongest correlate of intention to eat fruit every day, varied between countries. Attitude was strongest in Norway and Austria, but for Spain, self-efficacy was strongest. However, the effect of attitude was strong for all three countries. Social influence appeared to be of medium strength in Norway, weak in Spain and non-existent in Austria. Self-efficacy was the strongest correlate in Spain, of medium strength in Austria, and the weakest correlate in Norway.

Discussion
==========

Applying the ASE-model to the data from the cross-sectional survey of the Pro Children study showed that the model fitted the data well for two of three countries, but without the direct relation from self-efficacy to behaviour. The results showed that the model could explain between 51 and 69% of the variance in intention to eat fruit, and 27 to 38% of the variance in reported fruit intake in children. In comparison, other studies have applied different methods and analysis strategies, and achieved between 26 to 31% explained variance in intention to eat (more) fruit \[[@B17],[@B31]\] and between 7 and 34% for fruit (and vegetable) intake in adolescents \[[@B17],[@B31]-[@B33]\]. Furthermore, Brug and colleagues found that 47% of the variance in intention to eat fruit and 21% of the variance in fruit intake could be accounted for in adults \[[@B13]\]. This is in line with what Baranowski and colleagues \[[@B34]\] concluded in an earlier review; that studies on psychosocial correlates to fruit and vegetable intake tended to explain less than 30% of the variance in intake.

These findings, despite the fact that some potential correlates were assessed with single items, support the assertion that the ASE-model is well suited to explore correlates and potential determinants of eating behaviour (fruit intake specifically) in 11- to 12-year-old schoolchildren. It seems that we were able to explain more of the variance in intention than previous studies, and slightly more of the variance in intake. Choice of analytical approach may have contributed to this as structural equation modelling accounts for measurement error to a larger extent than multiple regression \[[@B20]\], and may produce higher estimates of explained variance. SEM also provides the possibility of adapting the model to each individual dataset. This may increase the level of explained variance somewhat. Finally, by correcting for measurement error in single items and running SEM-analysis adapted to ordinal data, a slightly higher R^2^may be achieved. However, by running the same analysis on our samples while not correcting for measurement error and not taking ordinal level data into account, we could still explain between 30 and 44% of the variance in the intention to eat fruit, and 20 to 25% of the variance in fruit intake.

Furthermore, some of the previous studies may have underestimated the strength of relation between intention and intake leading to a lower R^2^, for instance by measuring intention to eat *more*fruit and vegetables \[[@B17]\] or measuring intention to change behaviour \[[@B31]\], and relating this to regular intake. Violating the principle of compatibility \[[@B35]\] may lead to lower predictive power \[[@B36]\]. In this study, we measured all correlates and intake in relation to consumption \'every day\', aiming at a better correspondence between correlates and intake. Also, some of the previous studies were predicting fruit and vegetable intake as one behaviour \[[@B17],[@B33]\]. Since fruit and vegetable consumption can be seen as different behaviours, influenced by different factors \[[@B37]\], this could have reduced the predictive power of these studies.

However, the ASE-presumed direct path from self-efficacy to intake behaviour was not confirmed in our study. This may be due to the low variation in answers to the self-efficacy questionnaire item as almost all children agreed somewhat or fully that they could eat fruit every day if they decided to. Further, as self-efficacy was assessed with one item only, this result should be interpreted with caution.

Attitudes
---------

Attitude was the strongest correlate of intention to eat fruit every day for two out of three countries participating in this study which is consistent with previous research among adolescents \[[@B31]\]. Further, as in Brug et al. \[[@B13]\] and Lien et al. \[[@B17]\], but contrary to Martens et al. \[[@B31]\], there were no significant direct relations between attitudes and behaviour in any of the countries. The inter-item correlation between the attitude items was acceptable, and the construct fitted nicely into the overall model for all three countries.

Taste preferences have been shown to be one of the strongest and most robust correlates of fruit and vegetable intake in children and adolescents \[[@B1],[@B18],[@B32],[@B33],[@B38]\], and should ideally have been included in the attitude construct aiming at predicting or explaining fruit intake in children. Due to methodological constraints this was not possible in this study.

Social influence
----------------

Social influence was the second strongest correlate to intention of eating fruit in Norway, but weak for Spain and non-significant for Austria. Furthermore, the one-factorial structure of social influence was not sufficient to explain the observed relations in the data for the Austrian sample as we had to free four of the relations between the residuals in the social influence latent construct. Also, the factor loading for parents\' allowing their children to eat fruit on the social influence construct was rather low for this sample (.26). It seems that social influence was not a uni-dimensional concept for these children. Furthermore, the bivariate correlations between active parental encouragement, the demand and allow family rules, and fruit intake were non-significant and close to zero for the Austrian sample (Table [5](#T5){ref-type="table"}).

One way to interpret this finding could be that Austrian children did not perceive the social influence from their parents as consistent. However, the social influence concept was set out to measure both subjective beliefs about social norms and behaviours, observed behaviours of others (or modelling), as well as direct social pressures and support \[[@B3]\], so it may not be reasonable to assume that the underlying construct is one-dimensional. De Vries and colleagues \[[@B5]\] also questioned the uni-dimensionality of the social influence concept both in the Theory of Planned Behaviour and in the ASE-model, and proposed a three-dimensional concept, consisting of social norms, perceived behaviour of others (modelling) and direct pressure. However, since we did not predefine or measure social influence as a three-dimensional concept, we could not analyse it as such in this paper. Future studies should investigate the properties and the possible dimensions of this concept further, especially since a recent review confirms that children\'s eating behaviours are strongly influenced by their social environments \[[@B12]\].

Self-efficacy
-------------

Self-efficacy was the poorest ASE correlate of intention to eat fruit in Norway and Austria, but the strongest in Spain. For none of the countries did we find evidence for a direct influence from self-efficacy to behaviour as assumed by the ASE-model. Self-efficacy was originally measured by two items in the questionnaire, measuring domain-specific self-efficacy. However, the inter-item correlation was low in our sample, as well as in an earlier study of the reliability of the measured constructs \[[@B23]\]. We chose therefore not to use the item *It is difficult for me to eat fruit every day*, as it was reverse-coded and we suspected this to may have caused problems for the children. Hence, self-efficacy was measured by one item only. Although this is not an optimal strategy \[[@B39]\], it was considered a more appropriate methodological choice than including an unclear concept. This may, however, have affected the ability of the concept to influence behaviour both indirectly and directly.

Self-efficacy in children age 11 may not be well developed. As 11-year-old children are on the verge of puberty, cognitively they are less able to plan ahead, to focus their attention, and to think in a strategic manner than after puberty \[[@B40]\]. There may be large discrepancies between perceived self-efficacy and actual control for this age-group. In addition, children may have limited autonomy and influence over food choices and may be more dependent on environmental factors such as fruit availability and accessibility \[[@B2]\] in order to act on their self-efficacy-intention contingencies.

Further, de Vries and colleagues \[[@B4]\] stated that the correspondence between perceived and actual behavioural control may be less clear when behaviour is complex and dependent on several variables. Fruit consumption can be viewed as a complex behaviour, with different fruit being eaten at different times during the day and for different reasons.

As stated earlier \[[@B22]\], our measure of self-efficacy has deficits, and one should be cautious in interpreting the findings regarding this concept. However, findings from previous studies indicate that the effect of self-efficacy on fruit intake is largely mediated through intention \[[@B13],[@B31],[@B41]\]. Future research in this area should improve self-efficacy measures in children. This would allow us to assess whether self-efficacy is working only through intention or also has a separate, direct effect on behaviour of practical significance. Self-efficacy measures applied in future research could also be more specific, for example, asking about efficacy in skills or efficacy in overcoming barriers, and more related to specific behaviours in specific situations, as outlined by Bandura \[[@B7]\] and carried out by the Baranowski group. This could help children reply more accurately to questions about self-efficacy. However, the self-efficacy measure developed by the Baranowski group, a 34-item situation specific self-efficacy questionnaire for fourth- and fifth-graders in the US (see \[[@B42]\] for a description), had very low criterion validity against consumption (ranging from .00 to .17), and self-efficacy was a non-significant predictor of fruit and total fruit and vegetable consumption \[[@B42]\]. Hence, further research in this area is warranted.

Intention to eat fruit
----------------------

As we decided to use \'I want\' as our intention item instead of \'I intend..\' to accommodate wording to our target group, the item may have ended up closer to Bagozzi\'s desire concept \[[@B43]\] than the original intention concept. However, measures of desire, intention and expectation commonly have a very high level of correlation \[[@B44]\], and studies on TPB have typically employed mixed measures of intention \[[@B45]\]. If anything, desire tends to have a poorer prediction of behaviour than intention measures \[[@B45]\]. Thus, the true predictive/explanatory power of intention in these samples may be underestimated in this study.

Differences in model structure between countries
------------------------------------------------

We could not carry out multi-sample/multigroup SEM analyses to see whether the relations between the different constructs were identical in the three countries because we had to free more relations and apply a more complex model to the Austrian sample. Also, the relation between social influence and intention was not significant for the Austrian sample. This suggested that the factors affecting fruit intake among schoolchildren in the three countries differed to a certain degree. Although there are limitations in the study related to measurement in particular, this is a significant finding. It supports the importance of conducting research on children from different cultures to better determine which factors predict fruit intake in children from each of these cultures.

The different patterns of relations between the psychosocial factors and intention/behaviour were in accordance with Fishbein\'s assumption that the relative importance of these three psychosocial variables (i.e. attitudes, social influence or social norms, and self-efficacy) as determinants of intention will depend upon both the behaviour and the population being considered \[[@B46]\]. It seems that the fruit intake of Norwegian children was more influenced by what their parents said or did, whereas for Spanish children, self-efficacy was relatively more important. Perhaps this reflects different degrees of fruit availability in these countries. Sandvik and colleagues have previously shown that perceived home availability of fruit is lower among Norwegian schoolchildren than among Spanish \[[@B22]\]. If fruit is freely available at home, eating fruit may be more a matter of the child\'s own decision. Further research into availability differences and availability-self efficacy interactions is warranted.

### Model structure and age

The three samples differed slightly in their mean age, as well as in age range. We therefore compared the models for children born in 1991 and 1992 for Austria and Spain, to explore whether some of the differences in model structure between countries could be attributed to differences in age composition across the samples. (The Norwegian 1991 sub-sample consisted of 12 children only, so these analyses could not be performed for Norway). These analyses showed that adapting a similar model did not fare significantly worse than adapting separate models [regarding parameter values]{.ul} to children born in 1991 and 1992. So, data supported use of the same model for the youngest and oldest children in our sample. This does not rule out the idea that there may be effects of age in the samples, but they do not affect model structure to a significant degree in Spain and Austria.

### Model structure and gender

When comparing gender specific models where the paths were constrained to models where the paths were un-constrained, we found significant gender differences in model structure for the Norwegian sample only. Lien and colleagues \[[@B17]\] have previously documented gender differences in model structure when applying the TPB to fruit and vegetable intake in US adolescents. Previous research has also reported gender differences in level of intake of fruit and vegetables \[[@B1],[@B17],[@B21]\], in correlates to intake \[[@B22]\], as well as in mediating factors \[[@B47]\]. The fact that we observe some differences in model structure in one of the three countries only is an important finding, which deserves further exploration. Several issues could explain this, for instance cultural differences in how gender is staged, both in the parent generation and among the children themselves. However, this is beyond the scope of this paper.

Strengths and limitations of this study
---------------------------------------

The novel aspect and strength of this study is that structural equation modelling techniques were applied to assess model fit for the ASE-model, for assessing the unique contribution from each variable to intention to eat fruit and then to actual fruit intake, and to estimate explained variance. SEM techniques are based on adequate or large sample sizes \[[@B25]\], and the Pro Children study provided adequate sample sizes. In addition, as SEM provides for simultaneous testing of several variables at once and the possibility to free relations when the factor structure is unclear, the method is far better suited to test social cognition models than traditional regression. The samples used in this study were either country- or region representative samples instead of convenience samples, which have often been used in this kind of research \[[@B1]\]. It is likely that the results found here are valid for children in this age group for the country as a whole. However, differences related to ethnicity and different socio-economic groups have not been accounted for. Also, there were some structure differences in the models related to gender for Norway, which should be further explored. These issues need to be taken into consideration when generalising results.

Other limitations in this study are related to measurement of the potential correlates. Although internal consistencies for the multi-item measures were all above .50, some of them were not very high. Other constructs were measured with one item only. This may have affected the level of explained variance in the model, as well as other parameter estimates. Future research should aim at achieving a higher reliability by including a sufficient number of items for each construct measured. It was decided to measure each construct with only a limited number of items (often as few as one or two), since the questionnaire had to be administered within one school hour and had to cover fruit as well as vegetable intakes. Fruit intake was also measured with one item only. However, the validation study which was carried out in four of the Pro Children countries, showed a fairly good ranking of the children according to their fruit intake, based on the food frequency part \[[@B24]\]. In the latter study, usual fruit intake was also measured with one item, and validity of fruit juice intake was assessed separately.

In addition to the time limit, we also had to take into account the limitations in cognitive abilities of 11-year-olds, their concentration span and reading abilities. The questionnaire was therefore thoroughly tested during the development phase, and reliability was moderate to high for all constructs (range .52 to .89) with the exception of the general self-efficacy scale \[[@B23]\]. We also used group discussions with children at this stage, to assure that wordings and word choice were understandable and adequate for children in this age group \[[@B23]\].

Eliminating reverse-coded items in the analyses could be problematic, as this leaves open the possibility that the results were driven by a positive response bias across items. However, this study was carried out anonymously, and reported intake of fruit and vegetables was low \[[@B21]\], which may be evidence against the interplay of such an effect. Also, for some items or constructs in the questionnaire, few children had positive replies \[[@B22]\]. This also speaks against the existence of a general pleasing effect or positive response bias.

Although the questionnaire was developed with the aim of being fully comparative between countries (see \[[@B23]\] for a more detailed description), we cannot rule out the possibility of cultural differences in how items and questions were interpreted, and differences between countries in children\'s ability to self-report accurately based on skills, prior experience and interpretation. However, test-retest reliability scores were quite similar across the five participating countries in the test-retest sample (Norway, Spain, Denmark, Portugal, Belgium), indicating that this was not a major problem in this study \[[@B23]\].

As for many other studies in this field, we used a cross-sectional design. This does not allow us to draw any conclusions about causality and the direction of effects. Ideally, the ASE-model should have been tested using prospective data to assess its fit in an optimal way \[[@B34]\]. However, the questionnaire used in this study was both theory- and evidence-based, and validity and reliability was thoroughly tested during questionnaire development. This makes it easier to stand on solid ground when drawing conclusions from the study.

Conclusions
===========

Structural equation modelling showed that the ASE-model was useful in explaining fruit intake in 11-year-old schoolchildren in Norway and Spain. The explained variance was similar to or better than what has been found in other studies, even though a rather parsimonious model was applied.

However, the latent construct \'social influence\' created problems, in particular in Austria, and the uni-dimensionality of this construct is questioned. Future research should look at the properties and the possible dimensions of this concept. We did not find support for the assumed direct link between self-efficacy and behaviour in the ASE-model. Further studies could investigate whether this is related to the cognitive-developmental status of children this age, or whether improved instruments could capture self-efficacy in 11-year-old schoolchildren in a better way.

Our study indicates that slightly different models were needed to fit data from different countries within Europe, suggesting that determinant patterns may be different across Europe. Although building on the same theory, interventions to increase fruit intake should be specifically tailored to the culture in which they are to be implemented, in order to achieve maximum effect.
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